Introduction
Diarrhoea often leads to reduced growth of animals or even to their death, as well as to high treatment costs and an economic loss for the farmer. To address this problem, antibiotic feed additives were developed. However selective pressure exerted by the use of antibiotics as growth promoters in food animals appears to have created large reservoirs of transferable antibiotic resistance in these ecosystems (Witte, 2000) . This has led to the ban of antibacterial growth promoters that might interfere with human chemotherapy in European Union countries (Witte, 2000) . The European Parliament and Council Regulation (EC) No 1831/2003 lays down provisions phasing out the authorisation of antibiotic feed additives as from 1 January 2006 (Anonymous, 2003) . Therefore a significant opportunity for the development of alternative feed additives was created. Moreover, following the ban, countries outside the EU will find it difficult to continue exporting animal products such as poultry and pork meat. This opens up new opportunities for developing alternative feed additives.
Diarrhoea causes the death of many children in developing countries of the world, but is also important in animal production Due to weak immune systems, especially in young stock, the occurrence of diarrhoea poses a big threat to animal health and productivity (Houe, 1999) . For economical animal production, many obstacles have to be mastered, including the prevention or effective treatment of diarrhoea. One of the most important causes of diarrhoea is infection with bacteria (e.g. Escherichia coli), but fungal and parasitic infections can also cause diarrhoea.
Since many plant extracts have antimicrobial activities, scientists have focused on testing different species for their antimicrobial activity. However, the selection of these species has been mostly based on traditional use in past decades and a system to recommend species for further in depth investigation could be useful for scientists. An important aspect that should be taken into account when selecting species for Contents lists available at ScienceDirect South African Journal of Botany j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / s a j b further study is that the plant should contain low concentrations of tannin. This is important because tannins bind to proteins. Extracts from these plant species may therefore be useful to treat acute diarrhoea but because the protein binding has an antinutritional effect on growth of the animals, it may not be useful in treating chronic diarrhoea in animal production systems. Tannins generally should not be administered simultaneously with any medication or nutrient because of their potential for reduced absorption and activity (Wynn and Fougère, 2007) . Furthermore tannins can cause nausea which is perhaps a result of protein binding within the stomach and duodenum, and high levels of tannins absorbed into the bloodstream can cause serious constipation and hepatotoxicity and damage to other organs. Tannins are also frequently bitter and may affect palatability of stock feed. Ruminants are particularly susceptible to these effects (Wynn and Fougère, 2007) .
It is therefore important that plants to be further investigated for their potential therapeutic or prophylactic antibacterial or antiparasitic efficacy should have a low tannin content. In this study leaf extracts of 53 trees traditionally used to treat diarrhoea in southern Africa were selected for evaluation of their tannin content. To promote the sustainable use of resources only leaves of trees were examined in this study. Investigation of species from different families may also indicate which families contain a high concentration of tannins (Bate-Smith and Metcalfe, 1957) and should not be investigated because the traditional use may be based on a high tannin content. The aim of this study is therefore to serve as a preliminary screen for selecting plant extracts that could be potentially used as prophylactic antidiarrheal agents in animal production.
Material and methods
Leaves of 53 tree species were selected for this study based on their reported medicinal use in the treatment of diarrhoea (Hutchings et al., Table 1 Selected plants for antibacterial screening (Hutchings et al., 1996; Bossard, 1993; Bryant, 1966) Bossard, 1993; Bryant, 1966) . For this project, only the leaves of trees were used due to their availability and being a renewable source. A list of the investigated plant species and their families as well as their use is presented in Table 1 .
Plant collection and storage
The leaves were collected at the Pretoria National Botanical Garden, the Lowveld National Botanical Garden, the Manie van der Schijff Botanical Garden of the University of Pretoria and the Onderstepoort Campus of the University of Pretoria in the summer months. The plants were identified by labels on the trees and the identity was confirmed by taxonomists in the different botanical gardens. Voucher specimens were lodged in the HGJW Schweickert Herbarium (PRU) at the Main Campus of the University of Pretoria.
The plant samples were dried in a dark room under a constant flow of air. The dried leaves were ground with a Macsalab mill to a fine powder and then stored in sealed glass containers.
Preparation of samples
Eloff (1998) showed that acetone is the most suitable extractant for the screening of antimicrobial components in plants. Acetone may not be the best extractant for tannins; frequently 70% acetone is used, but it is very efficient in extracting antimicrobial compounds (Kotze and Eloff, 2002) . If it extracts antimicrobial compounds without extracting tannins it represents no problem in the application to treat diarrhoea. Therefore the ground plant material was extracted with acetone by placing one gramme (1.0 g) of the ground plant material of each of the species listed in Table 1 and adding 10 ml acetone (technical grade-MERCK) in 30 ml glass tubes. The mixture was shaken for 20 min on a Labotec Model 20.2 shaking machine at high speed and left to settle. The extracts were filtered through Whatman No 1 filter paper into pre-weighed glass vials. This extraction process was repeated once on another sample of each species to get average values. Acetone was removed in a stream of cold air at room temperature from an aliquot of the extract, the mass extracted determined and then made up to 10 mg/ml in acetone in tightly closed containers stored in a refrigerator if not used immediately. This procedure removes the difficulty of resolubilizing dried extracts (Eloff, 2004) .
Tannin assays
The tannin content in the plant extracts was determined using the radial diffusion method developed by Hagerman (1998) . Briefly, 8 μl of each of the plant extracts (at a concentration of 10 mg/ml in acetone) was transferred into a well in a bovine serum albumin (BSA)-containing agar slab in a Petri dish. The agar slab was prepared from 1 g of agarose type 1 to which 0.1 g of bovine serum albumin was added. There were four wells per Petri dish. Afterwards the plates were sealed with parafilm and placed in an incubator at 30°C for 96 h. The detection limit of the method is 0.025 mg tannic acid or condensed tannin with a variability coefficient of 6%. The diameter of the ring was measured with a plastic ruler. The accuracy of the values was 0.5 mm. The square of the diameter is proportional to the tannin content in the sample (Hagerman, 1998) . There was also a solvent control (acetone) included in the tannin determination assay, as well as 8 μl gallic acid (10 mg/ml) (Hagerman and Butler, 1989) as a positive control to quantify the amount of tannin in the plant samples. The mg/ml gallic acid equivalent content was calculated by dividing the precipitation area of the sample extract with the precipitation area of the gallic acid solution.
Results and discussion

Extract yield
The extraction process was repeated to determine any possible variations in the extract yield. Quantities varying from 0.68% to 6.2% were extracted in a single extraction from the different species. In the case of Faurea saligna a much higher percentage (13.7%) was extracted (Table 1) . In general, substantially higher quantities were extracted from different members of the Combretaceae (Eloff, 1999) . With values as high as 22% for Terminalia sericea and a higher value for Combretum zeyheri (6.6% compared to the 2.9% found here). This can be explained by three repeated extractions of the same plant material compared to a single extraction in this contribution.
Tannin assays
About 42%, i.e. 22 of the 53 investigated species had no detectable tannin content in their acetone leaf extracts (Table 1) . Another 25% (13 spp.) had a tannin content of between 0 and 2 mg/ml gallic acid equivalent, followed by 19% (10 spp.) between 2 and 4, 8% (4 spp.) between 6 and 8 and 6% (3 spp.) between 8 and 10 mg/ml gallica acid equivalent. Two species had a tannin content higher than 10 mg/ml gallic acid equivalent units.
The families with the highest average tannin content were Anacardiaceae, Ulmaceae and Combretaceae (Table 2) . Species from the following families had no measurable tannin content in the acetone leaf extracts: Annonaceae, Lamiaceae, Loganiaceae, Oleaceae, Pittosporaceae, Sterculiaceae and Verbenaceae (Table 2 ). Because only one or two species were examined, no generalizations can be made at this stage. There was substantial variation within families as well. In the Anacardiaceae with the highest average tannin content of 6.2 gallic acid equivalent units, the standard deviation was 4.4. This again shows that it would be risky to extrapolate from a few results to characterize different plant families' tannin content. When looking at these results it can be assumed that the results are in line with the study of the systematic distribution of tannins by Mole (1993) . In this study previous Table 2 Average tannin content in mg/ml gallic acid equivalent of acetone leaf extracts, standard deviation and number of species examined in different families investigated.
Family
Tannin content Standard deviation Number of spp. Mole (1993) . Based on these results it appears that the activity of the majority of plants used to treat diarrhoea in southern Africa may not be related to a high tannin content. It has to be kept in mind however, that the method used to determine tannin content has limitations and also that using an aqueous extract as traditional healers do, may have led to extracts with a higher tannin content.
Conclusions
In this study the tannin content of 53 plant species traditionally used for antidiarrhoeal treatment in southern Africa was assessed. The different species were ranked according to their tannin content (Table 2 ). In general there was hardly any correlation between the family to which a species belonged and its tannin content. There was a substantial variation in tannin content of species within the same family. It is therefore not rational to eliminate a family from further investigation unless many more species were examined. The results does however allow for the elimination of certain species without carrying out expensive and time consuming animal feeding experiments.
The fact that a plant has a high tannin content does not mean that it is not useful in treating acute attacks of diarrhoea, but it would probably not be useful as a replacement of antibacterial feed additives in large scale animal production.
A limitation of this study was that only one assay for tannins was used. The intention was however, to decrease the large number of species originally selected and not to do an exhaustive study of tannin content of a large number of species.
About half of the species used traditionally to treat diarrhoea can now be eliminated from the list. The next aspect to be taken into account to determine the most promising species for in depth investigation is to determine the in vitro antibacterial activity of plant extracts against Gram-positive and Gram-negative nosocomial agents. This aspect is currently being investigated to determine selective activity against the Gram-negative bacteria which are more commonly associated with diarrhoea. This approach may help scientists to make a more rational decision when selecting plant species for the potential development of alternative drugs for the treatment of diarrhoea.
